Abstract: A new idea is proposed in this paper for improvement in the Low
II.
Leach And Family Protocols 1 . Leach LEACH (Low-Energy Adaptive Clustering Hierarchy) is a clustering-based protocol that utilizes randomized rotation of local cluster base stations (cluster-heads) to evenly distribute the energy load among the sensors in the network [7] . Working of LEACH protocols is carried out in the form of rounds. Each round consists of a set-up phase (in which the clusters are formed) and a steady-state phase (in which data transmission takes place). Clusters are formed in LEACH by a distributed algorithm. The decisions made by nodes are not dependent on any centralized control [12] . A node makes this decision based on the expected percentage of cluster-heads in the network, which is determined beforehand, and the number of times the node has become a cluster-head till that time. Each node generates a random number between 0 and 1. If the number generated is less than a threshold value P i (t), the node is chosen to become a cluster-head for the current round. Each node should choose to become a cluster head at round r with probability (1) where k is the expected number of cluster-heads, N is the number of nodes in the network, r is the current round. C i (t) is 0 if the node i has already been a cluster-head and 1 otherwise. All the nodes will have been cluster-heads after N/k rounds and C i (t) will be set to 1 at this time. After this the next cycle begins.
LEACH-Centralized (LEACH-C)
LEACH protocol does not guarantee about the number or cluster-head nodes or placement of nodes. Cluster-head nodes can be spread evenly in the network and better clusters can be formed by using a central control algorithm. LEACH-Centralized (LEACH-C) is described in [12] . LEACH-C uses a centralized clustering algorithm. The steady-state is same as that in LEACH. Each node sends information related to its current location to the base station. Also, information about the energy level of the node is sent along with it. The BS has the responsibility to decide the cluster-heads and form better clusters. It also takes care that the energy load is properly distributed among the nodes in the network. The average energy of the nodes is found by the sink and the nodes having the energy-level less than the average are not chosen to be the cluster-heads in the current round. The base station broadcasts the information related to the cluster-head ID of each node after the formation of clusters and finding the cluster-heads. If the cluster-head ID of a node matches its own ID, the node is a cluster-head. If it is not so, the node finds its slot of TDMA. The node will go to sleep when it is not having turn to transmit, otherwise it will send data.
Advanced LEACH (ALEACH)
ALEACH [13] introduces the consideration of current state energy of a node while making a decision whether a node can become a cluster-head or not. It modifies the equation of threshold of LEACH by introducing Current State probability (CS p ). The threshold equation of a node for the current round depends on both terms. The current state probability of a node is set as a function of the current residual energy of a node (E current ) relative to the initial value of energy (E n-max ), multiplied by the percentage of clusters in the network (k/N). According to equation 1, the threshold value is represented as
where N is the number of nodes in the network, k is the expected number of cluster-heads and r is the current round number. In order to distribute energy dissipation evenly in the network, ALEACH selects a node with more amount of residual energy as a cluster-head over a node with less amount of residual energy.
Analysis of LEACH, LEACH-C and ALEACH protocols
The existing LEACH (Low Energy Adaptive Clustering Hierarchy) protocol is a good approach for energy-efficient routing mechanism for Wireless Sensor Networks. But it still has some drawbacks. Equation 1 depicts that all the nodes have the same probability of being elected as cluster-heads, irrespective of the amount of remaining energy they possess. It treats nodes with less residual energy in the same way as nodes with more amount of residual energy. As a result, in some cases, the nodes with low residual energy may be selected as cluster-head instead of nodes with high residual energy. This can result into improper distribution of network energy and the lifetime of the network might decrease. The existing LEACH protocol considers just static values for finding the threshold in order to decide whether a node can be elected as a cluster-head or not. It does not take into consideration the residual energy of the nodes while selecting the cluster-heads. If a node chosen to be cluster-head has less amount of residual energy, then it will die soon and such situations can lead to imbalance of energy in the network. Hence, it is essential to consider the residual energy of the nodes while making a decision to become a cluster-head. This can lead to proper balance of energy-levels of the nodes in the network, which can increase the lifetime of the network. It is not necessary that LEACH-C is better than LEACH. It might be more expensive than LEACH because of the central control by the base station. Each node needs to send its information to the base station. Such tasks in this protocol demand more energy. Hence, the performance of the network might reduce. Equation 2 in ALEACH generates a very large threshold. The number of cluster-heads might reduce considerably after some time. LEACH protocol ensures the optimal number of cluster-heads for each round by the generated threshold value. But the threshold generated by ALEACH does not ensure this. In this way, it cannot be said that the expected number of clusterheads will be maintained in ALEACH.
III.
Leach Improved Protocol
1.
The Proposed Improved LEACH protocol The proposed algorithm is an improvement in LEACH. The residual energy of a node is considered while finding the threshold value. Hence, more the residual energy a node has, higher the probability it will be elected as a cluster-head. The threshold function of LEACH can be given as shown below: [14] where E current is the current residual energy of node i, E n-max equals to initial energy value, k is the number of cluster-heads, N is the number of nodes in the network, r is the current round number, C i (t)=0 if the node i has already been a cluster-head in the current cycle, otherwise C i (t)=1. Above equation (3) may cause reduction in the number of cluster-heads when the energy level of the entire network is low. Hence, it is necessary to adjust the expected number of cluster-heads back to k as mentioned in LEACH. In order to do so, the improved algorithm sets the interval of random number generation as [0, E average /E n-max ] [14] . E average is the average of residual energy levels found at the end of previous round considering the nodes that have not already been cluster-heads in the current cycle. In [14] work is carried out at base-station. Instead, the proposed protocol carries out the work at each node level at the end of each round.
2.
Design and Working of Improved LEACH protocol The design of the improved LEACH protocol can be explained by the flowchart shown in Fig. 1 . The proposed improved LEACH protocol forms clusters by using a distributed algorithm. The operation of the algorithm is divided into rounds. Each round begins with a set-up phase when the clusters are organized, followed by a steady-state phase when data are transferred from the nodes to the BS via their respective clusterheads. The nodes organize themselves into local cluster, with one node acting as the cluster-head. All noncluster-head nodes transmit their data to the cluster-head, while the cluster-head node receives data from all the cluster members, performs signal processing functions for data aggregation on the data and transmit data to the remote BS. Being a cluster-head node is much more energy intensive than being a non cluster-head node. Hence, if cluster-heads are selected in a better way, it can result into proper balance of energy in the network and increase the lifetime and performance of the network. The improved protocol considers the residual energy of a node while making a decision to select it as a cluster-head or not. The threshold calculated depends on the current residual energy of a node. Thus, it helps to make appropriate decision as to select nodes with more residual energy as cluster-heads as compared to the nodes with less residual energy. This leads to even distribution of energy amongst the nodes. This is an important advantage of the improved protocol. The interval for random number generation is also modified so as to get expected number of cluster-heads as k. Thus, the problem of continuous decrease in the number of cluster-heads which was found earlier with other protocols can be eliminated. Another advantage of the improved protocol is that the nodes make autonomous decisions whether to become a cluster-head or not, without any centralized control. Hence, no long-distance communication with the base station is required for making this decision.
Figure 1 Working of IMPROVED LEACH
The modified protocol finds the residual energy of each node at the end of each round. Total of these residual energies E total is found at the end of the round. The nodes that are alive and have not been cluster-heads in the current cycle are only taken into consideration during this calculation. The threshold value generated takes into consideration residual energy for each node along with the initial energy value. At the beginning of each round, the average E average of the residual energies of previous round is found using the E total value. This average value is used to set the interval for random number generation in order to compare it with the threshold. The Setup and Steady phase of the improved protocol are as described below:
The Set-up phase: During the cluster Set-up phase, the improved protocol modifies the threshold function introduced in LEACH by introducing residual energy of a node. The modified algorithm also finds the average residual energy of nodes that have not been cluster-heads in the current cycle to modify the random number generation interval introduced in LEACH. The residual energy of the nodes that have not been clusterheads in current cycle is found at the end of steady phase each round. Total of these residual energies E total is calculated at the end of the round. In the beginning of the set-up phase of the next round, the average residual energy E average of the previous round is calculated using this information and this average is utilized for finding upper-limit of the interval for random number generation. The random number generated will be compared with the threshold value for each node and based on this it will be decided whether the node can become cluster-head or not.
The Steady phase:The working of Steady phase of the improved algorithm is similar to that of LEACH. The steady-state operation is broken into frames in set-up phase, each frame is divided into many slots according to the number of the nodes in this cluster, and each node sends packet to its cluster-head in the slot allocated to it. Each non-cluster-head node uses power control to set the amount of transmits power based on the received strength of the cluster-head advertisement for reducing energy dissipation. At the end of each round after the Steady phase, residual energy of each alive non-cluster-head node is found and total of these energies E total is calculated. This will be used in the Set-up phase of the next round to find the average residual energy E average .
IV.
Simulation Results And Analysis
Simulation Environment:
The performance of modified LEACH protocol is compared with LEACH, LEACH-C and ALEACH protocols in detail considering parameters like energy efficiency and lifetime of network. The simulation is carried out in NS2.34. 2. Simulation metrics and Results: To compare the performance of the modified LEACH algorithm with the original LEACH, LEACH-C and ALEACH, the following metrics are measured: Energy consumption: An important factor for network load balancing is energy consumption. Uniform energy consumption can lead to less possibility for premature death of nodes. Also, less energy consumption per round will lead to better network performance. Number of alive nodes: The number of alive nodes with respect to time in a network can determine network lifetime. If the lifetime of the network is more, then the network performs well and it can monitor the surrounding environment longer. The modified protocol was simulated considering the simulation conditions as mentioned in Table 1 . The improved algorithm is simulated considering hundred nodes randomly deployed between (x=0, y=0) and (x=1000, y=1000). The base station is located at (50,175). The initial energy of each node is considered to be 5 Joule. The expected number of cluster heads in every round is 5. The nextchangetime for each round is 20 sec. Fig. 2 shown below is a graph of number of alive nodes of LEACH, LEACH-C, ALEACH and LEACH IMPROVED with elapse of time. It shows that as compared to LEACH, LEACH-C and ALEACH, in the LEACH IMPROVED algorithm the number of alive nodes is more with respect to time. The nodes die at a slower rate in the improved protocol. This is due to balanced energy distribution of nodes while deciding cluster-heads in the improved protocol. The consideration of residual energy in selection of cluster-heads makes it possible to make nodes with more residual energy as cluster-heads rather than nodes with less residual energy. The sudden decrease in energy of some nodes which was a drawback in earlier protocols will be avoided. This will eventually lead to increased life of the network. The simulation conditions are as mentioned in Table 2 . Table 2 Simulation Parameters PARAMETER NAME PARAMETER VALUE Number of nodes (excluding the base station) 100 Simulation Area (x,y) 1000 X 1000 m From the above graphs it can be inferred that the expected number of cluster-heads when set as 4, it gives best results for the improved protocol.
Similar simulations were carried out for LEACH, LEACH-C, ALEACH and LEACH IMPROVED varying the value of initial energy. The simulation conditions are as mentioned below in Table 3 . Table 3 From the above graphs it can be inferred that the initial energy of nodes when set as 5 Joule, it gives best results for the improved protocol.
V. Result Analysis
The above simulations can be analyzed to infer following conclusions: For different number of cluster-heads, the average increases in results of improved LEACH as compared to LEACH, LEACH-C and ALEACH are as follows: For different amounts of initial energy, the average increase in results of improved LEACH as compared to LEACH is as follows: 
VI. Conclusion
The main goal of this research revolves around design and implementation of an efficient routing protocol for WSNs. The existing LEACH protocol has been explored for the same and attempts to make it more energy-efficient have been made in this research and thesis. The improved protocol has been simulated under various simulation environments and the results collected have been compared with LEACH, LEACH-C and ALEACH protocols in the LEACH family. The research described in this thesis contributes towards development of an improved LEACH protocol which can lead to increase in the network life and make optimum use of the resources in the network.
